Abstract-Branched copolymers are synthesized via the crosslinking free radical copolymerization of N vinyl 2 pyrrolidone and dimethacrylates of various structures that is conducted in the presence of the chain transfer agent 1 decanethiol. The kinetics of this process and the composition of the products are stud ied by IR spectroscopy, and the content of pendant C=C bonds is estimated. Correlations between the con tent of dimethacrylate monomer units in the copolymer and the rate of discoloration of a photochromic probe (6 nitrospiropyran) incorporated into the product are established.
1 1 Owing to valuable properties, such as amphiphilic ity and complexing ability, linear (co)polymers of N vinyl 2 pyrrolidone (VP) hold a special position among macromolecular compounds and are of con siderable interest for practical applications [1, 2] . These polymers have found wide use in various fields, primarily, medicine and biology, and as polymer carri ers and prolongators of the activity of drugs and bio logically active compounds owing to their covalent or noncovalent bonding with hydrophilic polymers.
The development of methods for the synthesis of branched polymers via controlled free radical poly merization [3, 4] opens wide possibilities for preparing VP copolymers of unusual architecture. A peculiar topology of branched polymers, i.e., a large amount of end chains in the outer layer and, as a consequence, the existence of excess free volume in the form of microcavities in combination with unique properties, e.g., high solubility in various organic media and ther modynamic compatibility, makes it possible to immo bilize catalysts, dyes, and other chemical compounds inside branched macromolecules. Furthermore, dur ing the synthesis of branched copolymers, as in the case of linear products, they can be functionalized via covalent binding of various chemical compounds con taining double bonds, for example, fullerenes [5] .
The goal of this study is to synthesize branched copolymers of VP and dimethacrylates of various structures via crosslinking free radical copolymeriza tion and to study their composition and hydrodynamic behavior in solution and the local molecular dynamics of polymer chains via the photochromic probe method. EXPERIMENTAL VP based branched copolymers were prepared via crosslinking free radical copolymerization [3] of VP with dimethacrylates of ethylene glycol (EGDM), 1,6 hexanediol (HDDM), and triethylene glycol (TEGDM) in the presence of the chain transfer agent 1 decanethiol (DT) in a protonic solvent (ethanol) .
VP (Alfa Aesar) stabilized by NaOH (0.1%) was distilled in vacuum; the bifunctional comonomers EGDM, HDDM, and TEGDM (Aldrich) and etha nol were used as received.
Copolymerization was carried out in a three necked flask equipped with a reflux condenser and a thermometer in a flow of argon. Experiments were performed for 5.5 h in a thermostat heated to 80°С. The content of the reaction mixture in ethanol was 20 mol %. The concentration of AIBN used as an initiator was ∼2 × 10 -2 mol/l. The linear polymers of VP were synthesized both in the presence of DT and in its absence under the same conditions as for the branched copolymers. The copolymers were dried at 60°С to a constant weight in vacuum. According to gravimetry, the yield of the (co)polymers was 90-95%.
The kinetics of the free radical copolymerization of VP and EGDM in the presence of TEMPO (10 ⎯4 mol/l) was studied at 60°С by precision isother mal calorimetry on a DAK 1 1 calorimeter. The com positions of the reaction mixtures VP-EGDM-DT were 100 : 15 : 0 and 100 : 15 : 15 (mol %). The conver sion of C=C bonds and the reduced rate of copoly merization (w/[M]) were calculated as described in [6] with allowance for the molar heats of bulk poly merization of VP and MMA: Q 1 = 58.6 [7] and Q 2 = 58.8 kJ/mol. The values of Q 1, 2 for copolymerization were calculated via the additivity scheme: Q 1, 2 = n 1 Q 1 + n 2 Q 2 , where n 1 and n 2 are the molar fractions of VP and EGDM in the initial mixture. Averaging of the heat of copolymerization via the additivity scheme involves a certain error. This value becomes more dis tinct with an increase in the difference in the molar heats of monomers [6] . In the case of monomers with close Q 1 and Q 2 values, the error of the averaged heat of copolymerization is small. The reduced rate was determined from the current averaged concentrations of the comonomer mixture.
The kinetics of the crosslinking free radical copo lymerization of VP and EGDM mixtures of various compositions in bulk was studied by IR spectroscopy. Measurements were performed on an IR 75 Specord instrument from a loss in the intensity of analytical absorption bands of the comonomers (see, below). The content of EGDM was varied from 20 to 60 mol %. Absorption bands at 800-900 cm -1 corresponding to the bending vibrations of H atoms in vinyl groups of VP and EGDM were used in calculations. Copoly merization was conducted at 28°С in thin layers between potassium bromide glasses; dicyclohexylper oxydicarbonate was employed as an initiator.
The composition of the copolymers was studied by IR spectroscopy through the use of copolymer films cast from chloroform solutions. The ratios of optical densities of absorption bands D 1728 and D 1680 corre sponding to the stretching vibrations of C=O bonds in methacrylate and vinylpyrrolidone units were mea sured, and the dependences of D 1728 /D 1680 on the con tent of dimethacrylate and DT in the monomer mix ture were constructed.
The content of dimethacrylate units in the copoly mer was estimated from the optical density of the absorption band due to C=O bonds in methacrylate groups of the VP-EGDM copolymer plotted as a function of its concentration in solution. A similar plot obtained for the linear PMMA with M n = 15 × 10 3 was used as a calibration plot. Chloroform was employed as a solvent.
The content of residual C=C bonds in branched copolymers was determined via ozonolysis with the help of an ADS 4M double bond analyzer using copolymer solutions in СHCl 3 . Stilbene was used as a standard. Curves of ozone absorption by copolymer solutions were recorded. On the basis of areas S under the curves measured with the aid of an integrator, the content of double bonds (mol double bonds/g) was calculated via the formula
where m st and m p are the weighed portions of stilbene and copolymer (g); MM is the molar mass of stilbene; and S st , S p , and S s are the areas under peaks corre sponding to solutions of stilbene, copolymer, and sol vent (pulses).
The intrinsic viscosity of the linear homo PVP and its copolymers with dimethacrylates was measured with a VPZh 2 viscometer with a capillary diameter of 0.56 or 0.73 mm in isopropanol or water at 25°С. Vis cosity average molecular mass M η of the linear PVP prepared in the absence and in the presence of DT was calculated from the empirical equation
The local molecular dynamics of small fragments and groups of polymer chains in the copolymers of various compositions was studied by the photochro mic probe method [9] . For this purpose, 6 nitrospiro pyran was introduced into the copolymers (0.1-0.2 wt % based on the polymer weight). Polymer films with a thickness of ~10-15 µm were cast from chloro form, dried at 20°С to a constant weight, and stored in darkness. Polymer films containing 6 nitrospiropyran were irradiated with a DRT 400 lamp equipped with a UFS 5 filter. The irradiation time was 10 s. The kinet ics of transition of the colored merocyanine form to the initial structure of 6 nitrospiropyran in polymers of various compositions and structures were studied by absorption spectroscopy on a Specord M 40 spectro photometer under dark conditions. Time evolution in optical density D of the absorption band due to 6 nitrospiropyran was measured, and ratio D t /D 0 , where D 0 and D t corresponded to the initial and current opti cal densities, was calculated.
